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Axrr. 1.—History of the Invention. of Pefidulum Clocks by
Crristian Huveens®*. By J. H. Van SwinpeN, Council-
lor of State, Professor of Phtlosophy at Amsterdam, &e.

THE measure of time is of the greatest importance to civil
society, and in matly departments of scierice. An accurste one,
capab]e of measuring its minutest parts, is essentially neceseary
for astronomy Accordingly, different contrivances for this
purpose have been of old devised { such as the clepsydre of the
ancients,—to which were substituted the motion of sand,—and
afterwards clocks, furnished with wheels, and moved by a weight .
or spring. ‘The latter were matetially improved by the introc
duction of a balanee, which regulated to a certain degree the
motion of the wheels. Still the irregularities to which even the
best of them wete subject, wete so great, that the most famous
astronorners, such 4s Tycho Brahé and Hevelius, thotighi they.
spared nio trouble or expence’ m thieir construction, were cofila

. Thefoﬂowinghlwmewhatabridgedumhthnof apapumdbelbteﬂiﬂ
First Class of the Dutch Institute, and inserted in the Third Volume of their Mes
moirs. Ite chief value for the history of Seience, consists in the namber of hither:
to unpublished documents which the author has collected from the manuscript
papers relating to Huygens in the posseasion of fhe University of Leyden, of whlcl:g
large extracts are appended to the themoit. ‘These are not attempted to-be given
here, but may be donsulted by every one, being for the most pert written in the
original French and Latin languages. They are referred to in the translation by the

words Leyden MSS. Short extracts of them have, however, been occasionally added
in the notes, or incorporated with the text.—Transt. )
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398 M. Van Swinden on the Invention of Pendulum-Clocks
~ pelled to acknowledge that no dependence could be placed npor

them.

The use which might be derived from. the oscillations of a vi-
brating body, first became apparent to astronomers, from the
time that Galileo made known his theory of pendulums, partly
by his letters, and Systema Cosmicum, published in Italian in
1632, but more especially by his Dialogi de Motu, which ap-
peared. in- 1639. They applied this doctrine to measure the
time which elapsed betwcen two observations, by means of a
ball, suspended to a wire or metallic rod, which oscillated by its
own gravity when impelled ; and we are truly astonished at the
degree of accuracy of which this method became susceptible, in
the hands of diligent observers. It was, however, subject to
two serious inconveniences. The principal one was the neces-
sity of assistants to count the number of oscillations of the pen-
dulum, relieving each other at intervals, as the length of the
observation, which sometimes lasted for twenty-four hours, re-
quired. This made some of them intent on the possibility of

adapting to the pendulum something which 1night of itself in-
dicate how many oscillations had taken place dumng the inter-
val of observations. Hevelius affirms having succeeded in such
a contrivance, (Machzna Celestis, 1. p. 364.).; and Wallis, in a
letter to Huygens, (Leyden MSS.), says taat sowebody had
added a wheel to his pendulum, which served the same purpose.
Another defect consisted in these pendulums always returning
to rest, after describing arcs which became continually shorter
and shorter, so that after a certain. period they required being
put in mot;Qn again. Pendulums, then, in this state, eould not
be termed accurate measurers of time. In order to answer this
end, some additional contrivance was requisite, which should,
by its action, restore to the pendu]um the loss of velocity suffer-
ed at each vibration, and thus render its motion perpetual, whilst
itself should in its turn be kept to a regular rate, by bemng
obliged to follow the isochronous beats of the pendulum, and
become capable of showing off with accuracy, not only the small-
est portions of time, but in like manner those longer periods
which arise from the accumulation of them.
_ This required a genius of a particular cast. It appeared in
the person of our countryman CHRIsTIAN HUYGENS, a man of
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- by Christian Huygens. ‘ 199
_ rare talents, who, when yet very young, was already ranked
among the first mathematicians of his age, and is still considered
as one of the greatest that ever lived, and who, from his earliest
studies, showed a turn for mechanics, which, united to his theo-
retical kniowledge, peculiarly fitted him for the accomplishment of
this difficult task. It was at the latter end of the year 1658, that -
Huygens first hit upon the’ idea of furnishing clockwork with
& pendulum,-and substituting the latter for the dalances then in
ase. He immediately set about making one of this construc-
tion, and had many more made under his direction in 1657, for
which he obtained, on the 16th of June, an exclusive privilege
from the States-General. In 1658, he publnhed a Latin de-
seription of his clocks, consisting of a few pages in quarto, un-
der the-title of -Horelogiim, dedicated to the States of Holland.
He-also-made known his invention to many of his friends, as
appears from their numerous answers (Leyden MSS.), and he
made an unsuccessful attempt to procure a similar patent in
France. Scarcely had he constructed a few on this principle,
till théy were every where brought into use: the balances of
many clocks, whethér driven by a weight or a spring, were taken
out, and pendulums substituted in their place; so that cven be-
fore the above-mentioned Latin publication appeared, clocks
were seen, haviag pendulums of twelve or twenty feet long, with
weighits upwards of thirty pounds affixed to them *, of which -
those of the church at the village of Scheveningen, near the
Hague, and at Utrecht, may be reckoned among the first. His
deseription of: them was ‘sent to his correspondents among the
learned, and by them diffused in every foreign country, and
spread with amazing rapldlty The proofs of this assertion are
most evident, from the numerous congratulatory epistles ad-
dressed to him on the occasion, from people of all ranks and
countries, accompanied with frequent requests of sending speci-
mens of his newly invented clock, as constructed under his own .
02

® Horologium, p. 1. & 9.— The works of Huygens were first collected by
8'Gravesande, under the title of Huygenii Opera varia, 1724, in quarto, with an
account of bis life prefixed ; to which were added by the same, Opera Reliqua ef
Posthuma, in 1728.
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superintendence, (Leyden MSS.)* ; and sstronomers from thence
began to relinquish their former bahnceappam&us,whchw
soon entirely superseded by the pendulum clock:

Notwithstanding the important discovery thus made, it was
to be expected, at a time when the application of mathema-
tical theories to mechanics was far from being generally un-
derstood, that the principle of the new contrivance, namely,
the reciprocal action of the wheels and pendulum on each other,
(the latter regulating the former, whilst it is prevented by them
from returning to rest,) would not be immediately and fully
comprehended by all, but give rise to several objections. We
must therefore enter into a mare particular detail of the uses
and construction of the balances, for which the pendulum came
to be substituted, in order to show how greatly the old principle
fell short of the new, in answering the end of a proper regula-
tor.of the work, confining our attention to that part of <lock-
work to which the invention more immediutoly belonged, and
which is called the Escapement.

The old works, then, may in this respect be reduced to two
classes. In the first, Fig. 8. Plate VII. the balance TT was
supported on a perpendicular arbor MN, the pallets M and N
of which acted on the teeth of an upright crown or balance-
wheel LL.. When Huygens substituted the pendulum, he only
at first altered this arrangement, in so far that he fixed on the
perpendicular arbor MN, Fig. 1. a pinion, or smaller wheel O,
which not having a revolving but. swinging motion, as well as.
the arbor itself, engaged by its leaves the teeth of a larger wheel
P, supported on the horizontal part of the bent wire TQR,
which transmitted the reciprocal actions of the pendulum and
clockwork. By this contrivance, and because the diameter of
the wheel P was double or treble of that of the pinion O, Huy-
gens judged that small vibrations of the pendulum would keep
" the clock going, and that small irregularities in its motion could
not disturb the uniform rate or isochronism of the work+},—an ex-

® Among these are letters of Mylon and Bouillan, distinguished mathemsati-
cians at Paris, Wallis, Jacquet, Gregorius a Sancto Vincentio, Kinner of Vienna,
Slusins, and Pascal,

- 4 Horologium, p. 12.—Fig. 1 is taken from the dngram affixed to the Horo-
logium ; only those parts are omitted which do not immediately concern the escape-
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planation with which Wallis, who had at first entertained a doubt
on this head, expresses himself perfectly satisfied. (Leyden MSS).
- 'The second class of clockworks, Fig. 4. had the axis to which
the pallets were affixed in a horizontal situation, whilst the ba-
lance T'T moved in a vertical plane. ¥n subsequently adopting .
this arrangement Fig. £., it seems that the vibrations of the pen-
dulum now directly receiving the impulse of the pallets, became
too large, and that it was in order to obviate this defect that
Huygens suspended the pendulum from a thread between two
curved brass-plates, which, by arresting it at a certain point of
its course, prevented its going too far on either side. This de-
parture from the original construction was not then published
by Huygens; but it must have oecurred to him very soon after
the publication of the first, whether with a view of adapting the
new principle more easily to the then existing balance-works, or as
a farther improvement of his own, (his activity and endeavours
after perfection knowing no bounds, nil actum reputans si quid
superesset agendum ); for, in a letter of M. Mylon, dated Paris,
31st January 1659, .his gentleman speaks of clocks, in which
the axis lies horizontal, which, not having the pinion and wheel
O, P, Fig. 1, are freed from certain inconveniences, but are
liable to another, ¢ which,” he says, * namely the mequality of
the lengths of the vibrations, and consequently of the time, you
have endeavoured to correct, by the addition of those two small
pieces.” (Leyden MSS.) And Huygens himself, in a letter to
Van Schooten, Professor at Leyden, of the 6th December 1659,
says: * You know, I think, that I employed in my clockworks
two curved plates, between which the pendulum moved; and
- that this was done, in order that the vibrations might all be
made in equal times, as otherwise they would not be isochro-
nous.” After he had used them for this purpose, he discovered,

ment. The improved arrangement represented in Fig. 2. is taken from his work
on the Theory of Péndulums, entitled Horologium Oscillatorium, which Huygens og-
ly published in 1673, though, (as will appear in the text), it had occurred to him at
a much earlier period, and was actually adopted soon after the discovery of the first.
It must be observed, however, that the plates or cheeks, between which the pen-
dulum is suspended, were not at first of the cycloidal shape, which he afterwards
adopted and explained in this latter work, but were intended for a differgnt use,
- 4vhich is explained in the sequel.
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that, in order completely to answer their-emd, they must be bent
into cycloidal arcs, a discovery which he communicates in the
same letter :  Quod i ngltur nunquam me inventurum speravemam,
nunc denique reperi: veram nimirum ﬁgumm curvarum, gus
efficiat ut oscillationes ammes accuratissime exeequentur. Eam
ratione geometrica determinavi mihi quidem omnium fe-
licissima (inventio) videtur in quas unquam inciderim.” (Lcy-
den MSS). '
- The decided advantages of the pendulum over the old ba-
lances to regulate the rate of clocks, were not howevér immaediately
perceived by all. In the first place, it was thought by-some, that as
clocks furnished with balances moved faster, accordirig as heavier
weights impelled the wheels, the same might, be the case with
. pendulum-clocks, In the next place, balance-clocks stood still
on being wound up, whereas Huygens, by his mode of suspend-
ing the weights, made his move on during this operation. In
the third place, the reciprocal actions of the pallets and crowan-
‘wheel appear not to have been thoroughly understood by many.
They imagined, that the irregularities in the motion ef the
wheels might perhaps in this manner communicate themselves
to the pendulum, instead of being overruled and prevented by
it*. Lastly, the inequalities in the lengths of the vibrations
would alter the isochronism, an objectibn which Huygens was
himself the first to make; but he shows at the same time that
his manner of connecting the pendulum with the work, made
these small anomalies imperceptible. (Horologium, p. 12.)
The attention of astronomers about this time was generally
directed towards finding some means of rendering clocks more
regular. Hevelius, who had already, it seems, devised some
method by which the pendulum itself might indicate the num-
ber of oscillations it had gone through during a certain time,

® Abundant proofs of thisoccur in the letters of his correspondents, (Leydes MSS).
The objection is stated in the most forcible manner by Jacquet, in a letter from
Antwerp, 1658 : ¢¢ Unus mihi scrupulus inhzrit, pendulum tuum non tam suo,
quam automati motu, cieri. Cum enim pendulum liberum neque vibrationum ar-
cus sortiatur squales, neque motum per se continuet, utrumque autem tui auto-
mati beneficio consequatur, manifestum videtur illud agitari potius automati motu
artificiali quam naturali suo.——Manet dubium annon plus inzequalitatis de ma-
china in motum penduli, quam wqua.htaus ex motu penduli in machina denve
fur,” &e.
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sppears likewise to have bepn intent on the means of .rendering
its metion perpetual, sad even to have endeavoured to connect
it with hig clocks: * But,” he adds, ¢ whilst-working at them, .
and befare they were completely finished, it happened that Huy-
gens had in 1657 invented similar clocks,-and published a de-
scription: of them in 1668.” (Mackina Calestis, p.866.). In a
manuscrips paper i Huygens's own hapd, coptaining -short re-
marks on his principel discoveries, under the. title of Mcdotq
(Leydon. M8S.), be oly says of: Heveligs, -that he. had made
atterapts fir himaelf ; ¢ Havelius sibi ococepit.” Hook appears
likewise % bave fonsid-out a means of rendering. the motion of
pendulunis . pﬂpetu&l, but it was po application of them to re-
gulate’ cleeks. (Hook's Works in fol. p. 4) Many, in short,
sought after sometling,— Huygens alone hit upon the true print
-cple. He was fir. from denying, however, that theoose or-de-
tached péndulums brought into use for astronomical. purposes
by Galilea, had. suggested. tp him. the use which might be made
of them o regulate clocks, (Horojogium, p. 1.); nor did he con-
wceal that the common balance.clocks prevalent at.that time, had
furnished the ground of the egcapement, and that he only alter-
<d them 80 far as was necessary to adapt them .to the action of
the new regulating principle. -(Z&id. p. 7.)

- The deacription_given by Huygens of his clocks, as likewise
the clogks constructed by him, or under his inspection, soon
taught clockmakers here and elsewhere te substitute the pendu-
lum for the balance in existing works. Many, however, did
not succeed g0 easily *; and although Wallis wrote Huygens,
{Layden MSB.) that, before receiving his description, he had
seen in England a clock .with a pendulum, which was, however,
known to be of his invention, and .added, in a subsequent letter,
thet several English watchmakers imitated them each in his way,
from:w}uch it would appear, that, very soon after the invention,

—p-

e '.l'he numerous letters of M. Petlt, Intendant des Foruﬁcwons et lngemeur
-du Roi, to M. Huygens, form an amusing part of the collection in the Leyden MSS.
He could not for a long time succeed in fitting up a clock in his possession,.so as
to make it go; and though he wrote letter after letter fer advice, and added waight
after weight to mave the wheels, his difficultics scemed Yather to inereases and he
was for several years the most troublesome correspondent of Huygens, wham. he
professed to admire vory much.—Notc of the Tmmlator
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pendulim-clocks were constructed in England ; stifl the num-
ber of them must have been small: for Derham, an English.
man, who published 2 work on watchmaking ia 1700, says,
that after Huygens had invented pendulum-clocks, and mede
mmyofthem,aDutch watchmaker of the name of Fromentil
came over from Holland about the year 1662, and conetructed
the first ever seen in England. He adds, that there was still ome
extant in Gresham College, which Bishop Seth of Salisbury
had made a present of to the London Society. This, howeven,
¢ mnd:sposedtothmkrelatesonlytopendulumswrdlcyehldnl
cheeks. Huygens himself mentions, in a journal of his voyage
to England in 1661, that Mr Goddart had, on the 6th of April
of thatyear, at a meeting of the Society at Gresham College,

shewn him in his apartments three fine pendulum-clocks.

" Some watchmakers in. Holland, who, notwithstanding the pri-
vilege of the States granted to Huygens, imitated his pieces, con-
cealedasmuchaspossiblethe newdenee, and went even so far
as entirely to dispute his claim to the dszvery He complains
of this abuse in the dedication to the Statesof Holland, prefixed
to the Horologium ; and was even compelled to prove hs claims
in a lawsuit, which he directed his workman Ooster to institute
against a watchmaker at Rotterdam. '

* This, which took place in Holland under Huygens's eye, was
much more to be expected in foreign parts, and actually hap-
pened at Rome, where the descnpﬂon published by Haygens
had been stint at the end of 1658. Egidius Gottignies, a pro-
fessor at thie litter place, wrote in August 1659 to Gregorius a
Sancto’ Vincentic at Ghent: ¢ One of these days, a watehmaker
to the Pope constructed a clock similar to that of which Huy-

gens sent 'you the 'deéscription. He was highly elated with this
new and admirable invention, which he said was his own, and
had asked ‘all mathematicians to come and see it. All were
loud in their praises. For as he had prudently concealed the
chief contrivance, sa that the spectators saw nothing but the
hands and pendulum, they were ‘astonished, and could not suffi-
ciently testify their admiration of a thing of which they had
heard nothing, and bestowed the greatést applause on the pre-
tended discoverer, when I, who had beeéri admitted among
them by Father Athanasius Kircher, suddenly checked these’
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plandits, by mensioning the name of the author, and exposing
the hidden artifice. Father Kircher has asked me to instruct &

_ workman how to make awhaclock,whchlnndenmktndo.”
(Layciom MS6.)

But.we come 10 mare serious attaehonthe nglmof Huy-
gens to be covsidered the inveator of pendulum-clocks. Thene
avese mare especially in Italy, where the invention has been-as-
cribed to Galileus Galilei, and his son Vincenzio Galilei. As
this claim has been aeserted in several works, even of the pre-
sent day, and with some appearance of reasob, it becomes ne-
cessary to show, from orginal documents, how far Galileo and
his son had gone, and to examine the real truth of the above.
mentioned assertions. This is the chief purpose of this. paper;
and I flatter myself to be able to set the whale matter at rest
for ever ; and, far from detracting any thing from the just
claims of Galileo, to place these, on the contrary, in their proper
light, by pointing out, in 8 much clearer manner than has ever
yet been done, what Galileo actually accomplished.

1 shall first state the nature of the claims set up against Huy-
gens, before entering upon a critical examination of them. -

'They may be learped from the introduction to the Horolo-
gium Oscillatorium, published in 1673, where, in a firm, though
moderate manner, he asserts his right to the hanour of the
discovery, * Nunc cum hac omnibus nota sint, (namely, that
he, Huygens, had fitted up clocks with a pendulum as early as
1657, and sent specimens of them, along with a printed descrip-
tion, every where the following .year,) facile apparet quid de
illis existimandum sit qui septem post anms eandem construc-
tionem, quasi a se suisve amicis profectam libris suis vendita-
runt.” 1t was probably after. reading these wards, that Prince
Leopold de Medicis wrote in 1673, the letter quoted by Tira-
boschi, from the Letire inedite & Uomini ill., and addressed to
Huygens:  Per guello che riguarde all’ invenzione del pendole,
con asserzione dettala da anmimo sincerissimo, costantemente le
ﬁrmodacrederemosaodaunﬁﬂe verosimile, che d notizia di
v. 3. non sia per alcun tempo venuto il concetio, che sovvenne
ancora al nostro Galileo di adatiare il pendolo all’ oriolo ; poiche
cid era e pochissimi nolo, et l'istesso Galileo non avea ridotio ald-
alloo practico cosa veruna di perfetio, a tel conto, come si vede
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da- quel poeo che fis mamupuluto el abbossts ded fighuolo.” To
which Huygens, according 1o the-same writer, would have an-
swered : “Jb fuut bien crowre pourtant, puisgioun . tel.. Primce
Tasewre, que Galiléo ait ew auparavant moi cette .pensée)
{(Steria della littevatura ITtnliona, t. viii. p. 156) 'This letter
of the Prince I have mot found among the papers in my haads.
‘The words above quoted from Huygens, relate to what Coumst
Malvasia had -published im his Ephemerides, printed in 1662 at
Flarence, that-he possessed at his house a clock, < the. motion
of which was: regulated by a pendulum, according f0 the man-
wer discoversd at Florensa some .yoars bafore.” .. ‘Thisdoes not
prove that this:ddock existed before the publication of Huygens's
dumphon,hltmalythntl\hlmaodmderedthespplm
of pendulums te clocks as an invention ‘of the Florentines.
"Nor does he attribute it directly to Galileo; but he certamly
takes it away from Huypgens. . That the Florentines claiued
the discovery, was not new to the latter, since, already two, years
before, he had received from Rome a letter, (dated March 1660,)
in which the writer informs him, that he had heard at Florence
that pendilum-tlocks had been invented there for some time, and
that somebody. had even sketched ‘out to him in a rough manner
what Galileo had attempted to make on ‘that principle. Nox
was he ignorant of what Prince Leopold de Medicis wrote in
April 1659, to Bouillan at Paris, from whom he had received
a copy of the description’of Huygens, namely, that the appli-
cation of the ppndulum to clocks had been a subject attended to
at Florence for three years, and that an artist had made a clock,
which he (the Prince) hoped would suscged. Consequently this
work had not yet been perfectly finished. Extracts of that let-
ter were scnt to him by Bouillan, (Leyden MSS.) and this lat-
ter gentleman, upon receiving Huygens’s answer, expresses him-
self highly satisfied with it, and sent his .own words to the
Prince, who, in a subsequent letter, acquits. Huygens- entirely
of the charge.of having wilfully attributed to himself the dis-
covery of Gatileo, (75.). This defence of Huygens to Bouillan
would throw much light on the subject; unfortunately it has
not come down to us, and he himself seldom kept minutes of his
letters ; but very rarely we find short remarks subjoined to letters

]
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whi¢h he hdd veeemd, adwh&pmbqblymmdanmﬂme
of the. answers he had made to them.

-What follews- selates no doubt to the siatement - foynd-in the
dccotint - of. empgriments .made at Florence, under ‘the title of
Saggi di Naturali Experiensi, which bad -appeared m: 166%,
“ Qui vero Galileo priryas hig deflere conangur, si tentnsse euss,
non vemo--perfepisse . inventum dicant, illims magis quam: mee
laudi detrabere videntur, .gpippe qui rem eandem meliori quam
ille evenitn investigaversm. . Cum autems vel ab ipso Galileos wel
ab “ipeius- filioy - quod . pyper voluit vir quidan ernditus, ad exi-
tum pesduetum fuisse contendunt, horologiumgue cjusmodi ve
ipsa adhibitum, sescio quomodo creditum £ibi iri spevent, o
vix vensimile sit adeo ytile inventum ignotym manere potaisee
annis totivocto (16495—1657,) donec a me in lucem ederatur.?
{ Horol. -Qéciligtor., p. 3%) The Secretary of the Academy
del Cimentoythen Count Lorenzo Magalotti, had ‘said, p. 22 of
the Saggi®, that the academicians (in order to meastre.the
time - accuirately,) -had. ¢ thovight proper to add a pendulum te
a clock, :after- the szample. of what Galileo had found. out. #he

ferst of® akl, axid hisson, Vincenszio Galileo, had put in-pragtice
as early-as.1649.": The claims of Galileo to the mventmoould
not possibly be esserted in stronger terms. ‘A figure is added
of the clock; as employed by: the academicians of Florenee, but
this only shows the external appearaace of the instrument ; -be-
sides they do not tell us whether this agrees exactly- with the
original, ‘as constructed by Vincenzio Galileo, and' pendudure-
clocks ‘existed nlready .4t the period of this publication .in
Italy, where the description by Huygens was likewise. Bvery
where known. _

Thas is ot all. . In 1680 appearedaman, whormmdlyde-
nied-that Huygens. ever - made any discovery about clocks at all,
This was no-other than Becker, well known for having origi-
nally suggested the system which so long prevailed under- the
name of Stahl. . In February of that year, he presented to the
Royal Society of London a treatise De Nova Temporis dime-

® This work, in folio, was translated into Latin, with notes, by Musschen-
broek, and published in 1731, under the title of Tentamina Naturaha Acadcmzaz
del Cimento, in quarto,
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tiewdi risione, et accwrata Aorelagiorum ratione®, in. whith he
thus expresses himself: “ M. Huygens of Zuilichem, a Hol-
‘lander; dlaims the invention and practical application of pen-
'dulum-clocks, in his treatise dedicated to the States of Holland,
from which he afterwards obtained an exclusive privilege, as
Jikewise from the King of France.® (This is inacocurate ;- the
privilege was of the States-General, and granted the year defére
the publication; nor did he obtain the privilege from the King
of France, though he applied for it). “ But Count Magalotti,
Resident on the part of the Grand Duke-of Tuscany at the Im.
“perial Court, contradicts him, who toldmempersonthevhnle
history of that clock ; thememtoldmethreeyearsugo
in the same manner at Augsburg by Trefler, watohmaker of
the Jate Grand Duke+, father of the present. Namely he
refates having, by order of the Grand Duke, and in the spinit
(instincty ) of his mathematician Galileo Galilei, made the first
pendulum-clock (£Horologium Pendulum ) at ¥Florence, of whiok

. & specimen was sent to Holland. The mathematician of the

late Elector of Mentx, told me he had seen at Prague a pendu-
Jum-ddck, made by Justus Borgen, mathematician and watch.
maaker to the Emperor Rudolph I1., of which the great mathema-
tician, Tyeho Brahé, had made use in nis astronomical observa-
tions.” ‘This statement of Becker has found its way into several
‘works, snd-has becu admitted, without farther inquiry, by some as
contaiming facts uncontroverted by any species of evidence, except
the known integrity of Huygens, by others as undoubted truth,
and farther commented upon in an eulogy on Galileo, originally
published at Milan, in an Italian Journal del Caff¥, afterwarde
in: the third volume of Elogi deg¥i Uomini illustri di Toscana,
pritited at-Lucea in'1772. - The writer of this last work, in men-

...1% Regwinged in .the Phyeica Swbterranes. T&mt of Flamatepd and
H9oku'onitwm any thing but favoyrable. See Birch’s Hist. of the Royal Soc.

v, 17 Leibnitz drew a still worse picture of the man, Op. vi. 333. His

about” Huygens appears certainly not very creditable, after he had, in 1660, ona -
visit to Holland, requested the honour of his acquaintance, to shew him a per-
mivwm mebile, with some little flattery to a man, ¢ Quem in Mechanieis ob Ho'
tohgium a te (Huygenio) inventum celebrari intellexit.” (Legpden MSS.)

+ Ferdinand II. dead in '1670; he was brothcr of Leopold de Medlcm, beforn
mentioned. - , o




by Chrinton Hoygens:* 8
tioning that Gatileo, in his old age, had added a pendulum to
clocks, after adding the words of Becker and those of Magaletti,
in the Experiments of the Academy de¥ Gimento, concludes thusz
“ Lastly, We possess the letters of Galileo to. Beaugrand, with
athers of Reaal and Hortensins, which, besides Viviani, prove, -
in an indubitable manner, that Galileo red}ymdetheqpbu
tion of the pendulum to clocks. It is Blia Deodati, who,
1637, sent an account to the father of the celebrated Huygens;
of the pendalum-clocks constructed by Galileo; and Beeker
adds, that a model was likewise sent to Holland. All thisis
suficient to refute Huygens, Musachenbriek, and many others,
whowdlnotal]owltdyﬂnehmxrofthesegrutducwml“l

It is impossible to meet with more unqualified charges, and
if; after the lapse of centuries, mothing should remsin on the
subject: but the writings of Becker and of this eulogist, one
woidd be compelled to refuse Huygens all share'in the applica+
tion of the pendulum, ‘and perhaps to' refer it to an earlier peq
riod than Galileo himself,—so difficult it is sometimes to sscer-
tain the truth in the history of acience. What, then, are we'to
thnkoftheopnmofoldmﬁuh@«s,udumbedbyﬁu

torians, penegyrists, and other writers, when such uncertamty
exuarespeeungaduwveryalxtdemoretlmoneomturym&
ahalfold? -

To these bold assertmslshall now oppose the evidence of
Jarts, which I have arranged under the five following heads:-

In the first place, By showing that the correspondence of
Galileo contains not a word ofthepmendeéawlmhmoftbo
peadulum to clocks. i

Secondly, By disproving, what is hmted at, that Huygms
h:mttheaypluuonmadebdeﬂeothroughd)eletmofhu
father, or by a model from Italy.

Fhirdly, By exhibiting, what has' never' been done yet, the
actual clock, as devised or made by Galilei and his son Vicen-

o, from papers hitherto unpublished, and shewing that Huy-

* ® This work on Galileo has boen literally copied in the Geneva edition of the
Encyclopédie, in quarto, by Pellet, and the octavo edition, under the word Galilco,
where it is attributed to Frisi. This is false; the Elogio de Galileo by Frisi, of

which more hereafter, is a totally different work, and contams altogether dnﬂ‘erent
views from those here expressed, - :
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gens- neither had mor could have the least knowledge of it.
This, 1 believe, will show Galileo to hawé: accamphished. even
something more than what his most zealous. dafeaders have
boought forward to this dgy.’ - -«

. Foyrihly, . By proving the parrative respecung \Trefler in
Bmker’ vork to be greatly exaggerated, -and that’ the most
plohable circumstances in it must; frém their vmy nature, have
been unknawn to Huygens. ' 1 c: ’

. And, lastly, By explumngthemgmofthosepetended
pendnlum—clocb employed, it is smd,. by Tyche Brahé, whose
denth had taken place more than thirty years before anythmg
reSpeeﬂng Galileo’s attempts were thade known. -

) Wlthregatdm&elettenofGahleotoBeaugmnd there
ui)und but, one in the quarto edition of his:works in Italian of
1718, dated Novenibet 1638, in"which;- -speaking of the longi-.
tude, he mentions the necestity of having aoccurate clocks,
(giueto. arolegio, ) © which ‘I construct with so much facility,
preeision, and simplicity, that they do not admit of an error of
#.single second, not only in an *hour,’ but :even in 2 day in a
wenth.”, Whether there be others in the Letire stedite. & Uominé'
idustri,. by Fabroni, 1 have mot beeri able. to ascertain; but
&eymno&pomlﬂycmtammmmﬁmuﬂmthmthoaewhch
we are next to examine, and which were written professedly on.
the pubject.hiated at in the above letter to Beaugrand. :

These areaddneesed to Reaal, :formerly Governor of Indis,

s.,man of great merit, knowledge, -and authority in Holland.
Hartensius, Professor of Mathematids at. Amsterdam, the cele-
brated Grotius, and the States-General, and relate all to the dis-
covery which Galileo had inade-of the Satellites of Jupiter, their
echipees, and his method of finding' the longitude by mesns of
them. After having applied in-vaih for.the support and coun~
tenanee of the Court of Spain, he resolved, in 1635, to offer
his discovery to the States-General-of the United Provinces.
This correspondence, which was cared. on chiefly through the
medium of Deodati, at Paris, and- Gretius, is eontained in his
works, to which may be added the Epistode Grotii. In his
first communication of March 1636 to the States, he enume.’
rates the requisites for making a good observation at sea, and men-
tions as one an excellent clock * (esquisifo orologio,) to count the




by Christian Huygens. 213

hour, with its smallest divisions, (minurie,)” from noon, or from
the setting of the sun.’ Of which he says, « I possess mea-
sures of time (mespratore del tempo) such, that if cne constructs
four or six simjlar instruments, one will find, as a proof of their
accurscy, that the times which theymeasu:eandmdwate (tempi
da quelli mesurati ¢ mostrati,) do .not differ ‘one. second, not’
only in an bour, but a day, a month; so uniform are these
clocks (oruoli,) fully (pur ¢roppo) asmmslung 'to  observers of
eclestial phenomena and motions ; the more bepause the con.
struction .of those imatruments (instrumenti) is very easy and
simple, and little subject to those external hindrances which
~ other instruments devised for the same purpose are liable to.”
The word oruoli (horaloges,) which here occurs, must be parti-
eularly attended to; for though it suggests to us, and did even
suggest at that time the idea of an instruyment indicating the,
time by the regular motion of the hands, it appears from. Ga-
lileo’s own description of them, in a subsequent letter, written in
June of the same year, that he meant something quite different
from it. After explaining. the chief prineiples of this theory
of the pendulum from his Dialagi de Motu, -(which were then
printing at Elzevir's) he adds: ¢ From -these true and well
established - principles, I derived the construction of my reckon-
ers of time (numeratgre del tempo), and I use not a welght.
suspended by a thread, but a pendulum (pendole) of some
ponderous and more solid stuff, (de materia solida ¢ grave,)
as hrass or copper : I make the pendulum in the form of a sec-
tor of twelve or fifteen degrees, its semidiameter of two or three
palms, (between sixteen and twenty-four inches,) the larger it
is the more easy will it be to be employed (con minor tedio se.
gl potra assistere). 1 make this sector thick in the semidia~
meter of the middle, and becoming thinner towards the edge,
by which means I obtain a cutting side, which will enable it to
evercome, as much as possible, the rgastance of the air, which
alone retards its motion. In the centre is a hole through which
an iron axis passes, like that of a balance, with a sharp edge -
below, resting on two supports of bell-metal.” ¢ It will be ne-
cessary,” he farther adds, ¢ in order to continue its motion, that
an assistant shall, from time to time, give it a pretty strong im-
pulse, (un impulso gagliardo), to Testore the length of its vibra-
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tions.” But as the same assistant has to count the number of .
oscillations which it performs, he ptoposes, as a tolerably easy

mode of avoiding this troublesome labour, (un assai commodo

provredimento,) that from the middle of the vibratinig sector

there should project a pin, which, when the pendulum swings

to one side, shonld meet the upﬁght part of a tooth belonging

to a small crown-wheel, as light as paper, (loggierissima quanto

una carta,) and impel it round its axis, but on swinging back-

wards, ascend along the sloping side of the same tooth, and

leave the wheel unmoved ; so that one tooth might be impelled

at each entire vibration, and the number of vibrations be shewn

by the revolution of the wheel, which might likewise be con-

nected with a larger wheel by means of a pinion.” ¢ But,” he

adds, ¢ it is unnecessary to explain all this to you, who possess

choice and practised artists in the construction of clocks and

other machines; because those people, on learning the new

principle, that a pendulum performs its oscillations in very equal

times, whether it describes larger or smaller arches, ‘will be able

to draw from it much more subtile consequences than I can

imagine.” From this it appears doubtful, whether Galileo éver

himaelf tried the contrivanee of the pin and wheel, and did net

rather throw it out as a hint for others to improve ‘upon, than

@s the result of actual experience. He then coneludes in these

remarkable words: “ In these very simple pendulums, then,

which are subject to no alteration whatever, (alferazione alcune,)

is contained the method to preserve in an easy manner a con-

stant measure of time : and you will perceive their utility and

the advantages they possess in astronomical observations, which '
do not require that the oruolo should always go, but where it
s sufficient to know from the hours of noon, or of the setting of
the sun, the smaller divisions of time, for an eclipse, eonjuncuon,

or other celestial phenomenon.”

These extracts need no comment. They prove abandantly
that the word oruolo, though used long before that period, to'
express a clock moved by wheels and weights, was the name‘
adopted by Galileo to designate this loose penduhim, thé inven-
tion of which, as the measure of time, belongs undoubtedly to
him. Thatit continued to be called by that name for some years
after, is manifest from a French work, printed at Paris in' 1639,
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| bearmg thie title L’wage des Quadrans’ ou de T Horologe Phyj:
sique Universel, and which treats of nothing but free or detached
'pendulums; it is in fact an extract from the Theory of Galileo:

The States-General, on reoelvmg the propositions of Galileo;
appointed Commissioners to examine them, presented him with
a golden chain, as a token of their regard, and promised greater
rewards, if the invention should be found to succeed. The
hegociations, However, were interrupted by the successive deaths
of all the Commissioners, and finally put a stop to by his own
death; which happéned in 1641.

I conclude, then, that those who 4ppeal to the corfespondence
of Galileo, .hate either not examined the letters, or been decei~
ved by the twofold circumstance of his employing a pendulumy
and calling it by the name of Oruolo; and that at least from
1686 to 1639, Galileo htid not yet either accomplished or indi-
cated the applieation of the pendulum to regulate the motien of
tlock work:

: ( To be concluded n next Number.

y

Art. TL—Observations on the Countries of Congo and Lo
. ango, asin 1790. By Mr MaxweLL, Author of the Letters
to Munco Pazk, &c. &c. (Concluded from Vol. VL. p. 62.)

CANoEs. --AT Cape Lopez and Jabon, the canoes are
formed out of single trees of red-wood: They are flat-bottom-
ed and wall-sided. I have seen some of them seventy feet long,
six broad, and four deep, capable of holding a considerable
number of people. I am told of one belonging to King Passes
all, at Cape Lopez; that holds two hundred men. '

. Housks.—The construction of these; though simple, is very
ingenious: - The body of the house consists of four parts, the
ends and sides; each made separately of bulrush-stems. _The
bulrushes; which are about an inch in diameter, are first cut
“of the proper length, and laid pata]lei to one another upon the
ground ; they are then secured in this position by transverse
branches of bamboo at the ends and i in the middle, three ort

- NOL:VE Ne.12. arrm 1822. I
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throigly the Preanger: Ragencies in Java. - : 35
quéntly putsued in vain, (ill at length. the party were suetess-
ful tnough to overtake & ceuple of them. One ofi-these . beasts
was shiot ‘hear the mountein of Papantiayarng; and the other close
to: Mount ‘Talaga‘Bodas: - Both are secured to increase the col-
lectiomrof natural objécts, wiich,thils suecessfal journey has. pros
curedt for - the . Musemm, alrsady 50 extensively enriched by the

. entexprise ' andiscieritific ardeut! of - 4he  Professtsr aad hiv comi-
m‘-l B AT TR KRR S ;
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Arr. V. -A—Hw;y of “a “Anvention-.of Pendulim Clocks. 6y
. Cmrmwrisn Huvegns:- By J.-H. VAN: SwixnpEN, Council-
-dor- of Seate,” Peofebsor, of - Philesopby - at. ‘Amsterdam, Se.
(Gonchﬂedfmuw‘Vol.rVI p»213)n~ A T

fobaac-
%BUT xtrhas fbeenmdthatﬁuygensgpmtelhgem throcgh
his father and ‘Deedats of Galileo’s labeurs. . It is.true, Deodata
waote to-Constentine Hupgens,; father of the .philosopher, : and
Secretary o -Prince- Frederic Henry, pending thetabove nego:
distione: witl; the: StatesGeneral ;- for his. letters are of ‘the. year
lm,--.hjt;nthg,; cantain -only the same . intelligence which. has
altestly been: given (SepiGaliled Opyiii. p. 432.)1; -apd Huygens
coulil ledrn :nekhiig mere: than- what shordy after. appeared in
the Dialoini de moty, except perhaps his-notion of -the pip .and
wheel, th indieate the number ofoscillations without,the, trouble
of counting' them,—a thing as. totally different frony the principle
adopted.. by Huygens to regulate “elocks- by, means..of -the pen-
dwlum,: as any of) the,attempts of Hopk.iand Hevelius, - who,
however, never rlaimed the discovery of.its application to clocks.
Aad-as.to;a claek-er model: having- been sent. over to Hollandy
we. only' learn,ifrom a latter of . Deedati of the - spme - year, that,
ifithe Btates desired, Galileo would-sasd what he had-promised,,
towwit, % d . very-perfect . telescope,- with “the..methed . he hed
- found of using them on-boerd ‘vessels, whilst in an agitated. sens
the ebservationd - about the motions of the. satellites of Jupitar,
apdthe ‘conetrudtion (fabricam): of ythe very agcurite fiorolo
. Sy inventédi by Wim ;- and that he; wenld - explain. all his in.
mast -thenghite: dn.this subject in words:.and: writing.” " - This

‘ c2

-
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manifestly refers to the description already given above. The
mistakes on this subject have arisen probably from a prevailing
notion, that Hortensius, the Amsterdam professor, had been
actually dispatched to Italy. This is eonfidently asserted by
Brucker, in his Historia Philosophie, vol. v. p. 678, and has
been copied in Bailly’s Hist. de I Astron. moderne, and Montu-
cla’s Hist. des Mathematiques. The fact is, that Hortensius never
departed on this voyage, though great preparations had been
made, and the States had granted 2000 guilders for it; it was
first delayed, and then prevented by his death. Of the truth of
this any one may be convinced, who will be at the trouble of
perusing the letters of Vossius and Grotius, written, it must be
remembered, about twenty years before Huygens claimed any
invention, or before any controversy on the subject could arise.
8. Of more consequence appears the direct assertion in the
Acts of the Academy del Cimento, which we quoted before,
that the idea of conjoining the pendulum with the clock had
been first of all conceived by Galileo, and actually put in prac-
tice by his'son Vincenzio Galilei in 1649. I have already, I'be-
heve, abundantly shown, that, in his communication to the
States, Galileo had suggested nothing that can with propriety
be termed a clock furnished with a pendulum, the only contri-
vance to which ‘Huygens lays claim. -His- last- letter is of the
80th December 1639, but he may, before his death, in 1641,
have made the discovery, or his son, on the suggestion of his
father, may have found it. From what I am enabled to pro-
duce on this head, it appears to me unquestionable that Vincen-
zio did accomplish, or endeavour to accomplish something. -
We need not go back to the period of 1636, to which: the
supposed invention of pendulum-clocks was referred by Prince
Leopold de Medicis, in the same letter to Bouillau, the friend
of Huygens, of which an extract was given'in the earlier part
of this narrative, except to remark once more how egregiously
Galileo’s communications to the States-Genéral had: been mis-
taken. Indeed, so little have these been looked into by the
writers who profess to found their claims upon them, that Bren-
na, in his life of Galileo, (in Fabroni’s collection of. ¥ite Ttido-
rum excellentium), quotew the very letter which I have extraet-
ed under the first head, and says of it, % De fabries atque usn

AN
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Horologii pendulo munits, quod ipse excogitaverat, admodum
luculenter ac diserte loquitur,” a dock furnished with a pende-
fum, when the letter contains in reality the description (in Gali-
leo’s own words) of a free pendulum, a vibrating sector. I
shall only quote one passage more from the above mentioned
letter to Bouillau, in which the Prince says, ¢ Having seen a
model constructed by Galileo, differing somewhat from that of
Huygens in the disposition of the wheels, (in parte deverso
circa la constitutione della ruote),” (Leyden MSS.); because
this {which probably regards Galileo’s son as much as himself,
who was blind after 1639,) agrees with what had been written
to Huygens from Rome in 1660, about a rough sketch of a
clock attempted by Galileo, and also with the account of the aca-
demicians de} Cimento, and is besides confirmed in a striking
manner by Frisi, in his Elogio del Galilei, Milan, 1775, where
he mentions Leopold’s opinion, that Galileo had put nothing in-
to practice oqual to the invention of Huygens, ¢ as might be seen
from the little that had been conirived or sketched out by his
son.” < And truly,” he adds himself, * the machine of 1649,
was nothing but slightly sketched (non era che un poco dab-
boxx0).” He seems to think that the clock represented in the
experiments of the academicians was made after this model:
this is not probable, as they are of a much later date.

After mentioning the concurring testimony of these writers,
that something had-been made or sketched by @alileo or his
son, I have now the satisfaction of presenting to the class a fic
stmile of the drawing, representing the contrivance in question.
(See Plate 1. Fig. 5. and the Notice at the end of the article).
It was found by me among the papers relating to Huygens, in

-the Leyden Library: There is written upon it, in Huygen’s
"‘own hand, Missa a Sere. Principe Leopoldo ad Bullialdim
ab illo ad me: R.15. gan. 1660, cum descriptio mei Horo-
logii odita fuisset, A°. 1668 ; and in another hand, which
I- recognise for that of Bouillau, these words, Horloge com-
mencé par Galileo Galilei; and on the reverse by the same,
a Monsieur Monsieur Christian Huygens de Zulichem a la
Haye. Among the letters of Bouillau, there is a correspondimg’
ome of the:9th January 1660: ¢ I send you the figure of the
- pensulum-clock begun by Galileo, as it was sent to me frem
Florence; and another of the 29th February. You may keep
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the: drawings : I kept -the -copies :sens:, flomulx‘kmnce,& ‘had
yours mpde: after them.” . (Leyden -MSS.). IR ITRUNNE
<KD ignembest, . from ! thwe;meptm af the‘.ﬁgluh; shat
the dmwang Was made .iu i Nery coarsq wanten:.I suppose,
thersiares that ¥he-lowermestwhee)Jaad. teeth on.its whele e
suroferensey: 'though hut,onehalf! is: repregentad,. sud Jikewine
that. themext following ar middle - wheel: was. divided: aqually.dy
teeth every whare, .though a.part here consists .of meraly:a fdw
haaty: strokes; | pnebably to meet. the. ‘convenience -of sthe artist
who:drew tbem. ;The axiato whish:the  pendulun.is affined;
and:-which. mayed. with it, has . shert: bent. lever,.ireachingite
2 number of studs or ping,, projecting from; theside of- 3 sort of
ratchet wheel, the teeth: or incisiens.of . which.are,equal.in. num,
ber:to the pins;-.iAbove. this; wheek .appears a erpokad:lever,
fixed at one end; on which it:yurms, and, seening; to restwith
the-other extremity agiinst the: axis.or end of the pindulups,
somewhat like-a spring: itis.also, furnished with a projection;
in the:farm .of .a cross;,to enable it, as it, would .deemn,.tb cateh
Jn its descentithe teeth of the. wheel. Farther, there -appeavs
neitherspringdearrel nog.cylinder for a weight. . Theignly indi-
oation that can be found of .its hiaving been moved by a-weight,
is; perhaps to-be traced in the axis of the yppevmost.wheel, a
part of which has an indistinct sppearance of. grooves ,qut into
it, a8 if a.Fope pr-chain were to be wound reund .
- As to ghe actign of this. machine, 1 ean conegive .she shott
bent lexdr toistrike. agajnst. one of ‘the prejecting pins, impelling
it either in the pne dinection ox the,-other, whilst the; pendubon
{8 swinging toane side:;; but I do-pot sa easily perdeive the way
in which; .08 swinging backwards,:it showld fall in mith the aet
following pin s and,suppesing. this torbe possible, then. it is,in-
canceivable to me how the lpss saffered by the pendulum ip its
pessage: through the air.and, by friction, could be.exactly com-
ipabsatedy as happens in: the:clock of Huygens, bythezeciprocal
-sctiomaf-sbe csowmmwheel on the pallets, apmntrivande of .great
. ingenuity, , which ,was, not. at. first clearly understoed. by all.
Whether Vibcenzio, Galilei greatly improved - upon the.detagn
of _his father, is dowbtful, for-inis of his attempt.in 1649, shat
Prince Leopold :and Frisi speak, when they cpl it;a:sketeh.
« (abozxo), angd a slight shetch (un.poco d'aboxxo). RBut, however
(“. . .
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this may be, the: nbove . mentidhed -dates hre sufficient itd xhows
thatrﬁuygenmhu}‘no»knoﬁledge »of # when'he publishiedhiie
description. ; knvhis. Akeodotn, - written- by hisizelf;-heronly-saysy
¢¢. Post . nostram libeBam iy Itadiem femissumn fgtras per-Bokles
aldum-a Cardmali: Mediceo:(Prndpe: Ldepbldo) tihissasc spix
sum- Gadile: - alteram ;- seddﬁahnnadnnmme,)ubhm mih-hm:
non isatcessise.” . (Legden MSK) . : R

4. We next come to Becker's. narrative of - Ins, having, ‘aiont
the’ year : 1677, met: at Amgsburg, Trefler, watchimaker of the
Grand  Duke of .'Tluecany, jat the' period we are commslermpy -
who told him he:had:been the first:who made ia pendulsmycloelo
Chorelagiiem -pradaium), at Florenace, ini the spirit (instinble) of -
Galilee Galilay of -whicha spectmen was: seit to Holland. - <Al
vemark: .here naturally isuggests- itself, 'why noanentionis-made
of »hxis;son: Vicenzio, -‘who is athmitted by all the:1talian writedy
either ;%0 ‘have -actially directed - Trefler in the- constructien af
the werk - iaptrbuted ftb%nm; or avdeast. to: have:a prie¥ Ham-td
awatemptoof .the same nature. It- might ldad .us to suspess]
that:the -whole _statement refers tothe ‘much earlier- period- of
1636, and allades:to the single peridulum - offered by’ Galiles s
the Stutes-General, and: called by him; as :we:have dveady seell,
orvploy of swhich Trefler,  beirg a workman, wnght bhavemadé
the: first ;: and : this ‘would reconcile it to what: is- added of (its
having been ‘made in Holland, as sthe: only‘mmmnhwdhun on
‘the subjectiwes thndé: at ‘that-time. -

‘But+ I shall  not: dwell onthis -conjeetare;: asmdxmgrw
certuinly’ thade afterwards by~ this: Frefler, theigh the »date
and bistory of - its' construction are involved in igreat perplegisyt
Dhat-d clebk with:a pendalum, bearing thé nime'of  Frefier as
maker; Waspiolmeed, we have nos'onty thewb(ntwa Erib
(lagrioy 1 p. :1295) but -the testitmony of Perellij Prifessor.iof
‘Miatiiematics at Pidd, -who gaveia destription:of it«(/Rirabonchii,
p. 181.);: which,’howewer, I have: imfd'mnndymot! beeivaijes to
procure. .. Fhe cleck was shid still to exist at: Pisadin 4974, and
miay*possibly heve:: heen 'preserved to - this itinde. - /FhesTealian
whiters. différ ‘very much :as to'its- origin. - Perelliiind Brews
(#tay ps11.) think, that it is: the very ‘cloek devised by Vinven-
zi0- Galilbi, om the suggestion of his: father; and eeduted alider
hits 1 direction, by Trefler, in'1640. . Otlters; however, matntain
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that Galileo had, indeed, in 1641, proposed the application of
pendulums to clocks, that his son had 'endeavoured, with the
assistance of one Dominice Balestri of Florence, to put it into
practice; but that his death (which happened in 1649, eight years
after his father’s) had prevented him from sdemg it executed,
and that only several yearsafterwards ‘Trefler had accomplished -
it, ¢ though somewhat in a different way from what he had in-
tended.” (Tiraboschi, p. 155.) The accounts which these
writers have left us of the clock in question, go a great way ta
" strengthen a suspicion, that it was either wholly made after the
oonstruction of Huygens, or altered, in so far as respects the
pendulum. Frisi says in as many words, that except the spring-
barrel and fusee, the disposition of the wheels. was exactly the
same as in the clocks made by Huygens; it liad likewise the beat
plates or checks, which, whether cycloidal or not; are unques-
tionably an invention of Huygens. Frisi allows the work to be
- his, and Perelli admits the curved plates to be an addition of a
later date, and Brenna, after acknowledging the same, seems
very much - puzzled how to account for the rest. - It is quiter
possible that an existing clock should have been altered by
Trefler, and a pendulum adapted to it after the manner of
Huygens ; many examples occur of the same, as we shall pre-
sently see. But I must first remark on the improbability, that
if Treflerhad really made a pendulum-clock; and a good one,
on principles of construction discovered eithier by himself or the
+ Gadileos: before Huygens, these elocks should have been so little
known in Italy, at Reme, even at Florence itself, as they appear
to bave been at the period of Huygen’s work becoming known
in :those parts of Europe. The letters among the Leyden
MSS. leave no doubt on that head. We find from Bouillau’s
letters, that it was first sent to Florence in the autumn -of
1658 ; on the other hand, we learn, from the words of Prince
Leopold, communicated by that gentleman to Huygens, half a
year later, and which have already been given, that after three
years’ attention:to the subject, an artist had made one, which he
hoped wondd succeed. Now, we may ask, why this doubtful
language, and why these attempts; of the issue of which they
oonfessed themselves uncertain, if Trefler had: already acoom-
plished the construction, and it had proved to be good ? .- There
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can scamely be a stronger proof, that whatever might have been
the attempts of the Florentines, they had till this time very
little succeeded. Yet Huygens's book and specimens of his
clocks had been sent every where,and had been known for more
than a year ; and at Rome a workman even excited surprise by
it as an unheard of invention, and gave it out for his own'!

.- All this seems to me to confirm in a striking manner the pri-
ority of our countryman’s claim to the perfect adaptation of the
penduluin to regulate clocks, . and to cormeborate the suspicion
I stated before; that the specimens of Flore ’
which so much importance is attached, were in

ter the knowledge #f his construction had gone

must be remembered, that it wasin 1657 thait he.

clocks, though the description was published a

the Italian writers, who contend fgr the fame -
admit that Huygens first of all brought their attempts to per,
fection. (See Brenna Vila, p. 80.; and Tiraboschi, p. 157.)
Now, it:1s quite natural, that, as soon as it was understood that
he had discovered:a way of applying the pendulum to clocksy
even though his method were not precisely known, many would
try to make a similar attémpt at sugh a contrivance, at a time
when a general wish existed among people conversant with the
subject for an umprovement of the pendulum. -And. this was
most likely to happen at Florence, where the pendulum had
been originally proposed as a measure of time, and where inte-
rest in the subject had been kept alive through the remembrance
of Galileo, and the attempts of subsequent artists. The sulx
. stitution of the pendulum in existing clocks was not a matter of
so muth diﬂicult.y, when once the niode of its action was unders
stood ; and:it soon became a general practice to take out the old
balancés, and plaee pendulums instead of ther,

Nar is this, in reference to the Florentines, a conjecture urr-
supported hy any kind of presumptive evidence. From what I
am NOW going to state, it appears that somethmg of the nature
described was actually taking place in Florence about the
tipae that Huygens published his description. I have now to
present the class with another fac simile of a drawing found
among the manuscripts of Huygens, which his friend Bouillau
- sept him a few days_after. the former, with the supersciption,

\
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Figure de T Horloge ¢ Pendule qui et d Florenice - dams le vieil
Pualais de: Medicis, to which Huygens added with s own hand .
as.on the former : Missum a Ser®. Pr. Leopolde ag Iem. Bulki
aldum, Ao. 1660 ; cum descriptiv Horologii. mei editg fuisset,
A40.1658. This representation.of a public clock.-om-the old Palaee
of the Medicis; which is of. itself sufficiently interesting, when
conjoined’ with the same gentleman’s correspondence, bears. im-
mediately - on .the subject under consideration. In the begin-
ning of 1659, he pwemises to send a description of the. clock
whish was then reither undertaken or undergoing repairs-by or-
der of the Grand Duke, (auguel M. le Grand Duc fait tra-
vailler ).. The following year, when 'the description was sent,
we find allusion to it made in several letters; the words-are
wearly decisive ;: in one, the clock which the:Grand Duke had
got up, (fait accommoder ) ; sm another; which he had had adjusi-
ed, (fait adjuster) ; in a third, which he had A#d repaired with
the pendulum, (raccommoder avec le pendsde, Leyden MS.)
"The representation itself, Plate I. Fig. 6. (which I have sometimes
suspected to be ene of Vincenzio Galilgo's old designs perhaps
somewhat altered), shows an escapement with a.single pallet, as
appears in the separate figure of it below, -and where it is-seen
in front. ‘The pendulum appears to be very light, and to de-
- seribe. -very: great arches. It looks like an imperfect contrivance,
and I:am m doubts whether it could answer;the purpese.. ‘The
remamder relates to the motion of the hands.and thelstnkmg

I shall.add as a suvprising fact, that.Viviani, who wrote the
life- of Galileo, and set. a. high value on:his reputationy speaks of
bim only asithe inventor of the pendulum, a -thing neverculled
in question, but nowhere of the: pemdulum clock ;- and: thiswill
appear the. more surprising; when it is recollected,: that Viwiam
has been cited among the authorities to prave Galiléo’scchaime to
she invention. - [t-is true,. Tiraboschi, p. 155. afterwards pro-
" duced aleiter said-to- be written by hinyin:16%8, in- wificl phe
speaks of. this latter: claim as a.just -pretension, (jusia preten-
sione,) ; but, on.the other hand, we know that-Viviani lived -
-der the same poof -with- Galileo the:three last years of ihis-life;
that he warked with him ; ' that . the - correspondence - with:-the
States.General was going on during that:sime ' ahut he: knew-of
ity and has actually: mentioned it (Vita,:p. 78.); but withouta

\
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word. of . pendulum clocks . having. been effered. to be sent, or
been - codstraéted,: or even: attemptéd Yo be consiructed s——
acustdnces - whioli « mast revidéntly prave that ' Viyiani . did:
net then considdr Galieo as the inventor of pendulum elocks, at
leassof - suach cldcks asr wereraowdh' made, and had been pro-
ved to answer the purpose for which ‘they. were intended. -

5. ‘The last circwmistanee to. be .considered. is the ‘story ‘of.
Becher’s baving met.with a person who pretended having seen at
Prague a-pendillum - clock- made hy Justus Borgen, an artist m'
the sefvice of Rudolph the Second; and under the reign of that
Emperor, that is between 1576 and 1612. . I syppeee: Becher's
inforsnatien to have-been correct. - Then it only follows,:that at
Prague a clo¢k was seen, bearing the name of Borgen as mdker,
and having a penduluim. “Nor is' there any thing wonderful in
this ; it might be seen in. many placés, for as.the pendulum came
te be substituted: for. the. balances in dll clocks, public and pr.
vate, thie rest of the: work: would remain with the: maker’s name
and:datey if it bdd any, urdltered. " 'Thus the clotk or the top of ¢
the Sladfiouse (aow the Palace) of this tity (Amsterdam) had, ay
the timeoff. Becher8 rigit to-Holland, a perpendicular:halance,
though,; for mbre thian 2 century, the same work'is fegulated by
means of a.very long pendulum. It is everr possible thatithese per-
pen(hmﬂubslances;whmhseemnotftohmbeen SO COMMMON ‘a8
thd: horisontal ones: (Becher ‘says, having seen them on a largé
scale ondy-lidre)y might be mistaken for . pendulama.by . people
not much! acquainted with - the :detailsi.of the clochmaker’s art.
At any-rate,> if ~Borgen :réally’ edmsttucted the elock shch-asiit
was daflrwardsisoen|:he ‘must:berheld the discoverernot metfely
of the-apphication of. the pendulum to-clocks, but of thwé- pendu-
lum itselfs as.:a meand: capable of measuring timee ; for before
1612 'Galileo had- published nothing: on #his rsubject,: -nor were
peridulmms- then :;used’ by astrénomers: for-that purpese: - Wie
know: Borgeny: ox; Byrge as-ht is called by othéis, to-hate been
an eminent maker- of iastronommical: imstriiments; and Berthoud,
GHlist.»dirdaMesurd du Tempsy tom: i; p. 37:),  considers it as
not :improbable that heanight have made these discoveries; - He
ssys; “* Becher is-not the only writer who attributes the applicac
ton of ithe: pendulum to. Byrge.” “I. have not been able,; with
the-utmest. pains; ‘to. discover who: these ‘other writers are, and
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as he does not mention one, I must consider-the assertion as un-

supported by any proof. Notwithstanding this, Mr Bode had

lately asserted, as an indubitable fact (Jakrbuch for 1816), that

Byrgius had Been intent on the application of the pendulum as

early as 1660. So easily are errors oopled when oncebuhly
.admitted by a writer of eminence ! '

But with regard to this clock, it is farther added, that T'yé¢ho
Brahé had made use of it in his astronomical observations. -Now
Tycho Brahé died in 1600, two years after his Instaurate
Astronomie Mechanica had appeared, in which he describes all
his instruments, especially his clocks, complains of the irregula-
rities of the best of them, without ever making mention of single
pendulums to measure the time. But I can produce an appo-
site instance to show, that a clock of Tycho Brahé had actually |,
undergone the alteration before mentioned. The Ambas.
sador of the Court of Denmark at the Hague was in: possess -
sion of such a clock at the time of Huygens: it-bore the date

* 1576, and had belonged to Tycho Brahé. Huygens, on first
seeing it, wrote in his Adversaria, which are preserved (Leyden,
MSS.): “ No mention of pendulums (in Tycho’s Mechanics):
On the clock of Mr Crag, the Danish Ambassador, is the year
1576, if I remember right. But if Tycho had already at that
time discovered the application of the pendulum, how ¢omesit that
he never, during the twenty-four years that he lived after that
period, once mentioned in his writings such a valuable and wish.
ed for discovery? I suppose, therefore, that a peadulum was
afterwards affixed to Mr Crag’s Tychonian clock, designedly to
make it seem as if it had been thus formerly constructed.” . A
little below we find, and, as the colour of the ink indicates; writs
ten on a subsequent occasion: ¢ That this is really so, the-ce
lebrated Roemer, when he came from Demmark to the Hague,
- has testified to me, and that he knew with certainty when it had
been done.” He adds, “ and bywhom” inlmmanuxmpt
Anecdota, where he relates the same again. |

In confirmation of his reasoning on the lmprobahhty that

Tycho being in possession of this capital invention, it should
never have become known, I shall farther observe; that.the nu.
merous disciples of this astronomer, and the many learned men
of. every country who visite® him, and examined his apparatus,
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would infalhbly have had some intelligence of it. Ameag the
Intter was Blauw, afterwards one of the commissioners appointed
by the States to examine Galileo’s proposals about the:longi-
tude ; in their answers, we find remarks on the imperfeetions of
Galideo’s proposed . pendulum, but not a word of their.having
ever heard of a better method.

I think it right to inform the class, that among the letters ad-
dressed to Huygens, I found one containing a claim to the dis-
covery from a totally different quarter. . It is written by Mr
Carcavi, a man of rank and merit at Paris, who became one of the
first members of the Academie des Sciences, at its establishment.
He relates having seen an imhabitant of Angouleme, who told
him he was in possession of a pendulum clock, made as far back
as 1615 or 1616 by a2 German, for the Queen Marie de Medi-
cis, whose departure, however, had prevented its coming to her;
that the artist dying, he had purehased it from his heirs. . I
mention this as an insulated fact, for as no writer has preserved
it, and as subsequent letters of the same gentleman do not allude
toit.any farther, we have no means of judging whether ar not the
report - desérves any credit at all, and whether what was seen
was really a pendulum, by whom it was invented, and: how the
whole invention came to be buried in oblivien.

. Having now. gone over the whole evidence, as at first propos
aed, I believe I shall bewarmntodmomngtotbefdlm:g
conelusiens :

. That Galileo, after having diseovered the properties of . thc
- pendulum, and the t.heozy of its vibretions, was likewise the
ﬁrst who showed its use in measuring determinate intervals, and

the minute subdivisions of time, an example. which
was soon followed by all astronomers. That Galileo had thought
on 2 means by which ‘the pendulum might itself indieate the
number of.oscillations. it bad performed, without the necessity.of
counting them, and of couyse constantly watehing it: Thathe
actually conceived the idea of connecting the pendulum with:a
set, of .wheels for. that purposey which, however; he only threw
out en paper, without putting it in practice,> and .that he was
totally ignormof&epﬁncipleof'rwtpmdambeﬁweenthe
crownuwheel iand pallets, by which the former is -vegulated,
whilst the latter areprevented from returning to rest: That the
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. labones o, his. son Vancenzio :Giahlei were: suchias. never o have
Jed .to, & deersive -or: satisfactory -resulty shatiithey: were searecdy
knawn,-dnd never tamq to the: knowledge of Huygens: That
the attempts of  others seem likewise to have faled of complete
succeas, .80: that even.Hevelius, who approached nearést:te ity
acknowledges in his Machina Calestis;that, before obtainingit,
he.was.aiiticipated: by another : ‘That it :was Huygens 'who first
of all, in Decemher 1656, found.out:the perfect way! oficonnect.
ing the motion of ‘the pendulum with.thatiof & docks. That.he
made. known the discovery to. his numerous correspondents:in
1657, published the description, and sent specithens of it every-
where in 1658, apd afterwards. laboured incessantly to iinprove
upon the adaptation.of his principles: . That the mvention was
no soomer. known than it 'was iadopted,.and balancés in.a sliort
time removed frem.all cloeks to make ‘rouin- for the' pendivum;
from: :whichiit has happened that many clocks: weraaftetwirds
found having a pendulum, which:nevertheless, by &n datéy ap-
peared to be of a much earlier construetion.

1.shall conelude by taking natice oﬂanrnpmon uﬁthehﬁe:ceo
lebrated Ferdinand: Berthoud, expressed. in his Zistotre de.in
Meswre du temps, p. 10k., that Huygens has: indeed :all the me:
rit we ascribe to him ; but.that this does not amoumt to an in.
. vention, and he refuses him the rank of inventor;cabowt a.con-
trivance which he contends'is nothing but « inefe sndstituion of
the pendulum to the balance, the mode of acting by means:of
pallets being perfectly the same’ in both.. ..'This dpiniony:which
Mr Delambre has already been at some pams o refuste, in the
Memoirs:of the Institute for 1808, appears scatcely:ifair; whes
it is consigdered ‘that a great difference exwits between dalamoos
which acted merely by their imertia, and the! pendulumg whieh
s possessed: of & principle of - motion, indépendent of the idocky
and it is farther consideréd; how admirably this indepewdent mos
tibn is combined with that of ‘the clock, regedatinglinstead of
distarbing 'it, ‘and being -itself kept in motion- by. ity without;
however, losing any part.of - its independent rates -Novwas the
substitution, . as. originally made and : proposed i«in, the (Herolos
Ziom, where: the arbor with the pallets stands apright, se.ob:
vious or 80 easily effectedl, as it afterwards appesredsinvthe .
proved form given in the Horolodium Oseillatorium, whesd the
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arbor lies herizontal, and the pendulum takes the place of a pek-
pendigular balance. - Mr Berthoud seems to have founded his,
view of the subjeet only on a comparison of the latter. . The!
- simplicity, too, of the alteration, is rather a proof of ingenuity,,
especially when we remember that improvemsnts on clocks and.
pendulums were .a favourite theme with the. learned .at that,
time. : , L

Notice respecting Plate 1. Fig. 5, and 6. These figures are
intended to represent the rude sketches sent to Huygens from
Florence, through the medium of his friend Bouillau at Paris,
and of which complete fac similes are added to the original
memoir. Those here given, without pretending to the same
exactness, are tolerably accurate copies, being reduced to nearly

;iorwbetweenom-thr/rd and mfomhof the linear dnmem- ’

sxons — T'ranslator.

AxrT. VI.—New Inquiries into the Laws whick are observed:in
the Distribution of Vegetable Forms. By Baron ALkxan-
- DER HUMBOLDT *, (Contmued from Vol. VI. p 289.)

IT 18 thh the chsmbntnon of orgamc bemgs as with all the
other plienomena of the physical world. In the midst of appa-~ -
rent: -disorder; . which scems to arise from the influence of a
nultitude of loéal causes, we discover the immutable laws of
Niture, &8 s0on as-we cast our eyes over g great extent-of coun-
try, or: employ a mass of facts with which the partial disturb.’
ances' mytually agree. I have had the satisfaction to:see this
work.compléted by a minute . examination. made in’' Germany,
~ England, -Ttaly, and of Jaté in Denmark.: One of the great.:
est':botanists of our times, and indeed:of any age, Mr Ro{
bert ‘Brown, has compared each of the numerieal reswlts with.
those .given by the rich herbarfes which he has  had thé efiper-
tunity.of consulting. - Many of the numbers have been rectified,.
' whileldie's()ﬁlem: have been confivined by an:agreement: some-

. ® This -continuation is taken. frem. aMm&MMﬁﬁMoﬂ“
Sciences on.the 19th February 1821. , o :



